Lead is one of the heavy metals which are poisonous to human being, and lead-acid battery is a vital sources for lead pollution. With the development of economics and improvement of environmental consciousness of public, the relocation policy for enterprise was proposed and old factories had to move to the suburban area. The site of a demolished lead-acid factory in Shandong province was investigated and the health risk of lead for human being was assessed by Integrated Exposure Uptake Biokinetic (IEUBK) model. 87 soil samples were collected and the detection results of the sampling sites demonstrated that the soil had been polluted seriously, lead content of 62.1% of the soil samples have exceeded the standard level (600 mg/kg), and 11.5% of the samples have exceeded the standard limit for 10 times. Health risk assessment result confirmed that 70% of the soil samples have serious threat to children's health, and the investigated site needed to be remediated urgently. Solidification/Stabilization technique was recommended to remediate the lead contaminated soil. This study provided a relative integrated procedure to monitor and assess the health risk of lead contaminated soil for human being, which has a vital reference significance to the future investigation for lead contaminated sites.
INTRODUCTION
Heavy metals pollution has become a serious threat to environment and public's health, for the heavy metals possess the characteristics of nondegradation, bioaccumulation and pathogenicity (Bao et al., 2015; Schwarzenbach et al., 2006) . Different from zinc or copper, lead is one of the non-essential microelements for human body, which have severe damage effect on human health. Lead is widely exist in soil, water and air, and could be assimilated into human body through diet, breath or skin contact, which has been recognized as one of the most toxic heavy metal contaminants (Li et al., 2015) . Lead can cause damage to kidneys, liver, nervous system and reproductive system (Järup, 2003) , especially for children and pregnant woman, its damage to the nervous system and brain of children is irreversible (Lanphear et al., 2005; Xu, 2010) . Lead has durable poisonousness, it could exist in soil for 150~5000 years (Hui and Vogel, 1998) , and its half-life period is 14 years. Environment and health problem caused by lead exposure has become a big issue which influence the public safety and social stability.
The lead-acid battery factory is a vital pollution source for lead exposure (Chen et al., 2012; Chuang et al., 2008; Wang et al., 2016) . With the development of economic and population of China, the urban area is gradually expanding. Therefore, many former factories that constructed near the suburb had to relocate to other place in order to minimize the negative effects on the citizens. Limited by the economic and technological level previously, many old factories were constructed with weak environmental protection standard, which resulted in the infiltration and migration of contaminants. With the increase of living standard and environmental protection consciousness, the government of China claimed that the monitoring and assessment procedure must be involved before the removal sites used for another construction purpose.
Lead is the most likely exceeding material in lead-acid battery factory. In the present study, a demolition lead-acid battery factory in Shandong province, China, was investigated in order to ascertain whether the site was polluted by lead and the remediation is needed or not. Generally, the poisonousness of lead to children is far more than that to adults, the United States Environment Protection Agency (USEPA) developed the Integrated Exposure Uptake Biokinetic (IEUBK) model to predict blood lead levels of children (Jez and Lestan, 2015; Lee et al., 1995; Li et al., 2016) , and the health risk of lead to human body was evaluated. Herein, the assessment of the health risk of lead to human body was achieved by the IEUBK model. Based on the assessment result, the remediation suggestion was proposed for decreasing the dose of bio-available lead in the lead-acid battery factory and eliminating the health risk of lead to human body.
MATERIALS AND METHODS

Site Characterization
The study was carried out on a lead-acid battery factory of Shandong province, China (Figure 1 ). This lead-acid battery factory was founded in 1980, which was a prior lead-acid battery manufacturer in China, and the main product was lead-acid battery that used for vehicle engine. With the development of economics and the variation of government policies, the factory had to be demolished and moved to the suburb area in 2013. According to the geological survey result, this factory located at the southwest of the middle southern mountain areas of Shandong province, belonging to the Huai River basin. The north eastward is the higher terrain direction, and the groundwater flows from northeast to southwest. The investigated area locates at the south of warm temperate zone and semi-humid area and belonging to continental monsoon climate, which has four distinct seasons, abundant rainfall and sufficient sunlight. The average sunlight duration is 2383 hours per year, mean temperature is 13.6 ºC in the whole year, and the mean annual precipitation is 773.1 mm with average rainfall duration of 81.8 days. 
Samples Collection
As Figure 2 showed, this lead-acid battery factory once operated workshops (including Assembly Workshop, Container Formation Workshop, Casting Workshop and so on), warehouses, office buildings, sewage treatment station and some other auxiliary structures. Based on the on-site condition and the function of every structure unit, the factory was divided into key and non-key investigation areas, evidently, more sampling points were arranged on the key investigation area. For lead would most likely leaked in the workshops and sewage treatment station, Container Formation Workshop, Casting Workshop and other workshops on the north-side of this factory were classified as the key investigation areas (yellow area in Figure 2 ). Besides, anti-seepage treatment is an effective way to prevent the pollution of soil, if anti-seepage measure is improper, the place that gutter cross is the most likely to be contaminated. Based on the above conditions, soil sampling points were placed in the places as Figure 3 showed. To ensure the representativeness and randomness of sampling, 36 soil sampling points were arranged (S1-S36), the distance between every two points is 50-100 meters, the actual distance was determined by on-site situation and structure. 22 of points were located at the key investigation areas.
Quantitative Determination of Lead in Samples
Determination of lead in soil samples were achieved by graphite furnace atomic absorption spectrophotometry method (GB/T 17141-1997, China).
In the experiment, sulfuric acid, nitric acid, hydrochloric acid and other reagents were of analytical grade and purchased from Sinopharm Chemical Reagent Beijing Co., Ltd, China. Double distilled water with resistivity of 18.2 MΩ•cm was used throughout the experiment.
Risk Assessment Model
Different from the toxicological indexes of other heavy metals, internationally, blood lead level was used to assess the risk of lead to human health, which means that the Chinese national environment protection standardTechnical guidelines for risk assessment of contaminated sites (HJ 25.3-2014) was inappropriate for the risk assessment of lead any more. According to the United States Environmental Protection Agency (USEPA) survey results, lead would be ingested by the children of 2 years old through food, dust, water, air and soil, with the percentage of 47%, 45%, 6%, 1% and 1%, respectively. In this study, Integrated Exposure Uptake Biokinetic (IEUBK) model (Figure 4 ), which obtained from USEPA, was used to estimate lead exposure and assess health risk of lead to children ages from 0 to 7 years old linked to a specific exposure level. By mathematics and calculations to establish the relationship between lead exposure levels and blood lead concentrations for children. The transfer of the absorbed lead through physiological and biochemistry process in human body could be calculated by the biodynamics module, the obtained absorption rate was used as the parameter for calculating the distribution of lead in blood plasma and extracellular fluid, and the ratio of distribution and releasing of lead in different position of human body was determined by transfer coefficient. Based on the transfer coefficient and absorption rate, the content dynamics of lead in different position of body, especially the variation of blood lead concentration, could be achieved. 
RESULTS AND DISCUSSION
Content and Distribution of Lead in Soil
In the present work, this abandoned sits would be used for commercial purpose, therefore, the limiting level of lead was determined by the standard of soil quality assessment for exhibition sites (level B, HJ 350-2007, China), which is 600 mg/kg.
To be specified and as mentioned above, a petroleum pipeline of Sinopec Group was installed under the ground of the investigated site (Figure 2) , and a protection area was demarcated following the Sinopec Group required. According to the preliminary visiting and investigation, the depth of petroleum pipeline is 1 m, to ensure the safety of the petroleum pipeline, the soil with the depth of 0.5 m was collected. Therefore, in the protection area, two soil samples were collected for each sampling point, one is topsoil and another one is shallow soil, with the depth of 0-0.2 m and 0.2-0.5 m, respectively. In the other area, three soil samples were collected for each sampling point (upper, middle and bottom), with the depth of 0-0.5, 0.5-2 and 2-5 m respectively. The testing results of lead content in soil samples were showed in Figure 5 .
According to the statistical reports, the maximum, median, mean and minimum value of lead content in soil was 277000, 926, 8217 and 10 mg/kg, respectively. Lead content of 62.10% of soil samples exceed 600 mg/kg, which means that the investigated sites had been polluted seriously. Among the samples, lead content of 21# and 22# reached up to 258000 and 277000 mg/kg ( Figure  5A ), it could be found that these two sites located at Lead Smelting Workshop.
The high contamination of these two samples might caused by the leak of lead in the demolition or in the production process, and also resulted in the mean value of lead content much higher than median value for the full range of samples. 18 .40% of the samples had exceeded the limit but less than 2 times, 32.20% of the samples exceeded the limit for 2~10 times, and 11.50% of the samples exceeded the limit for more than 10 times. The results indicated that the investigated area have been polluted severely by lead, the large-scale lead pollution of this area may be caused by three reasons: 1) random stacking and dumping of lead residue; 2) permeating of effluent containing leak in drainage pipeline; 3) leakage of lead contaminant in transportation.
Generally, a strong adsorption interaction was existed between soil and lead compounds, which means that lead was hard to migrate in soil. Accordingly, lead mainly concentrate on the surface of contaminated soil within 0.2 m, and the maximum pollution depth is less than 2 m. Nevertheless, high concentration of lead was detected in the soil with 5 m depth samples, which might attribute to the excavation of soil in the construction of foundation.
During the production process, lead compound including PbSO4, PbO2 or Pb might leak from the production equipment and absorbed on the ground, and lead could permeated into the soil as time goes on. For the distribution of lead contaminated soil, vertically, with the increase of sampling depth, the concentration of lead decreased gradually for almost each sample. This result was consistent with universal regulation of contaminant spreading. Besides, horizontally, the soil of workshops were mainly polluted by lead, and most severe pollution samples were distributed in the key investigation area, including Lead Smelting Workshop, Container Formation Workshop and Casting Workshop, and so on. This result confirmed the rationality of sampling and showed that the investigated area have been seriously polluted by lead.
Health risk Assessment of Lead by IEUBK Model
Lead pollution would result in severe health problems for human being, especially for children ages from 0 to 7 years old, lead could influence the growth, psychology and behavior of children. IEUBK model was used for assessment the health risk of lead to children by calculating blood lead level. In IEUBK model, exposure module, absorption module, biological function module and probability distribution module were used for predicting the blood lead level of children, and studying the relationship between exposure level of lead in the environment and blood lead level of the target receptors. Blood lead exceeding level of children was displayed as Figure 6 . It could be found that blood lead exceeding level for the most of the samples was larger than 5%, only 30% of the samples was lower than 5%, and 29% of the samples blood lead exceeding level was larger than 90%. USEPA stated that once the blood lead exceeding level of children exceed 5%, the soil of investigated need to be remediated. Therefore, the investigated area have been polluted severely and needed to be remediated.
There is another situation should be declared, this demolished factory was located near residential area: the distance between this factory and the building in the east is less than 10 m, and the distance between this factory and the building in the north is less than 30 m. Besides, a primary school and a kindergarten were built around the factory for 150 m range. Definitely, high lead pollution level can cause high risk to children, this factory must be remediate for releasing health risk to the surrounding people.
Remediation Suggestion
On determining the remediation technique, the following circumstance should be considered: the practical condition of site, utilization purpose of the site, remediation cost and technical feasibility. Besides, on the premise of achieving remediation purpose, the remediation technique must be time-saving and environmentally friendly. The common used remediation techniques have Blending/Dilution, Landfill, Solidification/Stabilization, Flushing, Incineration and Phytoremediation.
Evidently, Blending/Dilution is achieved by mixing clean soil with contaminated soil, for the purpose of decrease the concentration of contaminant. However, if the concentration of contaminant was in high level (2 times more than the standard value), too much clean soil would be needed and this technique is inappropriate for any more. Landfill is a common used technique, which is achieved by moving contaminated soil into impermeable structure, unfortunately, large scale landfill should be constructed if there have large amount of contaminated soil. Flushing is suit for sandy soil, generally, once the content of clay in soil reach 25%, contaminants in soil can not be eluted effectively. Incineration mainly used for degrading organic contaminants by combustion. Phytoremediation is the remediation technique that utilizing the absorption, transformation or degradation function of specific plant to purify soil, nevertheless, the plant which can efficiently absorb lead in soil has not be found yet, and this method is only suitable for repairing shallow layer polluted soil subject to the length of plant root.
Phosphate (including PO43-, HPO42-and H2PO4-) could react with lead and form lead phosphate minerals. Different from other lead compound, lead phosphate minerals have the characteristics of non-mobility and lowbioavailability, therefore, lead could be immobilized in the soil and not be lixiviated by water Consequently, Solidification/Stabilization is an effective technique to decrease lead risk for human being, by adding phosphate or apatite into the contaminated soil, the exceed lead could be stabilized and not leachable from soil. Considering different pollution level for different sampling sites, the dosage and composition of the reagent should be experimented before remediation project.
CONCLUSIONS
The lead contaminated sites of a demolished lead-acid factory in Shandong province of China was surveyed and investigated in the present work. Lead compound was inevitably leaked in the production of lead-acid battery, the investigation results demonstrated that the investigated area had been polluted seriously. Soils in the production workshops were polluted more seriously than the other area. With the increase of sampling depth, the content of lead decrease gradually. Assessment result obtained from IEUBK model confirmed that this site has a severe health threat to human being, especially to the children. Considering the site conditions, Solidification/Stabilization remediation technique was recommended to remediate the contaminated soil. This study provided a relatively integrated procedure to monitor and assess the health risk of lead contaminated site, which has reference significance to the future investigation.
